Background: One underlying cause of unexplained recurrent abortions (RA) may be a maternal immunological malfunction preventing the mother from developing immune responses that are required for maternofetal tolerance. Although published results are conflicting, several authors have reported successful treatment by immunization of the prospective mother with paternal leukocytes. We report our 15-year experience with immunotherapy for prevention of recurrent abortions and our first results with immunotherapy in case of unsuccessful in vitro fertilization (IVF) program. Patients and Methods : Between 1990 and 2004, 202 women with RA and 47 patients with unsuccessful IVF treatment were immunized intradermally with 3-5 × 10 7 paternal lymphocytes separated from 50 ml whole blood. Results: In the analysis of all treated women with RA, the overall success rate (live births in all patients treated) was 75% (132/177). In the analysis of pregnant women only, the success rate was 87% (132/152). Out of the 47 patients with unsuccessful IVF treatment, 34% (16/47) got pregnant, with a successful delivery of a baby in 75% (12/16). Except for transitory inflammatory reactions at the injection site, we did not register any adverse reactions related to the immunotherapy. Conclusion: Immunotherapy with paternal lymphocytes is a therapeutic option for patients with recurrent miscarriages. Also in patients with unsuccessful IVF program, the rate of successful pregnancy could be increased by active immunotherapy. 
Introduction
In 1-2% of all pregnancies, recurrent spontaneous abortions (RA) occur [1] . This common complication of early pregnancy can be caused etiologically by genetic, anatomical, hormonal and infectious factors [2] . RA can also be associated with changes in the blood coagulation system, homocysteinemia, or antiphospholipid syndrome [3] [4] [5] . In about 50% of cases, the cause remains cryptic. For this group of patients, immunological disease mechanisms have been discussed that could in principle be approached with immunotherapy. Presently discussed hypotheses and resulting treatment concepts are listed in table 1. Active immunotherapy (AI) with allogeneic paternal lymphocytes appears, therefore, to be a feasible treatment option of RA. It has been applied in different centers since 1981, but the effectiveness of AI remains controversial [6] [7] [8] [9] [10] [11] [12] . Our group has used AI with paternal lymphocytes for treatment of RA since 1990. First results including data obtained until 2000 were published in 2005 [13] Since then, the number of treated women has doubled, and a second group of patients with AI after unsuccessful in vitro fertilization (IVF) treatment has been added. In this article, we report about our experience with AI between 1990 and 2004. The patients' medical history of miscarriages is shown in table 2. In 47 women, the AI was conducted together with assisted reproduction treatment (in vitro fertilization (IVF) / intracytoplasmatic sperm injection (ICSI)). Results from this group were analyzed separately. The decision about treatment was made after genetic, anatomic, infectious or hormonal causes for RA had been excluded. Uterine abnormalities were ruled out sonographically. In addition, only women without systemic autoimmune diseases or collagenosis and without antiphospholipid syndrome were included. A written informed consent was obtained from every patient before treatment. Therein, both partners were informed about the chances of treatment success or failure and the risks of active AI. Women with a continuing wish for a successful pregnancy after RA are under severe psychological pressure, which is why the authors of this study found it unethical to randomize patients according to a prospective placebo-controlled double blind study design. Consequently, this work was conducted as a retrospective therapeutical study, and validation of the outcome by comparison with a placebo-treated group was not attempted.
Materials and Methods

Patients and Study Design
Pre-Study Workup
The HLA-A, -B, -C, -DR, -DQ constellations of the patient and her partner were analyzed with the complement-dependent cytotoxicity test (CDC test) and with HLA DNA typing in our HLA laboratory (accredited by the European Federation for Immunogenetics). In the very rare case of homozygote HLA in the partner and HLA haplotype match with the patient, the citrate-phosphate-dextrose(CPD)-stabilized whole blood was irradiated with 30 Gy before preparation of the lymphocytes to prevent a transfusion-associated graft-versus-host reaction (TA GvHR).
In addition, patients were tested for HLA antibodies in the CDC test. The detection of HLA antibodies was an exclusion criterion for AI because in this case an immunological cause of RA was unlikely. ABO and Rh antigens were determined in both partners, but incompatibilities were no contraindication for AI. Diagnostic procedures for infectious diseases in both partners followed the 'Richtlinien für die Gewinnung von Blut und Blutbestandteilen und zur Anwendung von Blutprodukten (Hämotherapie)' of the Bundesärztekammer and the Paul-Ehrlich-Institut, because the transfusion of leukocytes is regulated by these guidelines as well. Only when tests for reactive infection parameters of the lymphocyte donor were negative, the AI was conducted.
Immunotherapy 30-50 million lymphocytes were separated according to GMP from 50 ml CPD blood in the laminar flow box using a Ficoll gradient. The lymphocytes were then suspended in 1 ml saline (table 3) . If the diagnostic tests did not show any infectious parameters, the application of the lymphocytes was conducted through intradermal injections at 8-10 sites on both forearms of the patient. Four weeks later, the effect on the immune system was tested by detection of HLA antibodies against partner and 20-50 panel lymphocytes in the CDC test. If the CDC test was negative, the AI was repeated once. Even with a negative CDC, this granted an immune protection for subsequent pregnancies for at least 1 year.
Analysis of Results
The data interpretation was carried out according to the available treatment documentation or -in the case where information about the course after AI was missing -with the help of questionnaires. 25 patients could not be followed up due to unknown addresses. In 177 of 202 patients with RA and in the 47 patients with unsuccessful IVF, all data necessary for analysis could be collected. The analysis included the success rate of all patients with AI (live births within whole group) as well as the successful course of the pregnancy, only including women with a pregnancy after AI (live births in patients with pregnancies after AI). To analyze the HLA sharing (degree of HLA compatibility) between couples and frequencies of the HLA-AB antigens in patients, a control group of father-mother-child typings (n = 313 triplets) was available from paternity investigations.
Results
Treatment Results after AI in Patients with RA
The success rate (number of live births in all patients) was 75% (132/177) for the overall patient group, and 73% (34/49) in women with ≥3 abortions and preconceptional AI (table 4). In 87% of cases (132/152), a successful pregnancy (number of live births in patients with conception) was observed. When AI was carried out in early pregnancy, it was successful in 89% (31/35 women 56% (111/198) of the treated women (4/202 women did not come in for the HLA-antibody test) formed antibodies 4 weeks after AI, 30% of these after the first and 26% more after the second leukocyte transfusion. As can be seen from table 5, 71 out of 80 (89%) HLA antibody-positive patients had a successful pregnancy while in 11 out of 68 (16%) HLA antibody-negative patients, pregnancy resulted in spontaneous abortion. Therefore, the positive predictive value for a successful pregnancy was 89% with a positive HLA antibody test after AI while the negative predictive value for an abortion in HLA antibody-negative patients was only 16% after two AI treatments. A higher frequency of identical HLA antigens in treated patients and their spouses (HLA sharing) might be a possible explanation for the induction of spontaneous abortions. However, identical HLA-A and -B antigens were detected with nearly the same frequency in couples of the control and the treatment group (table 6). The frequency of HLA-A and -B antigens in the patients' group was not significantly different from the normal population, too. It was striking that of the 11 patients with miscarriage after AI, there was a higher proportion of women with 3 previous abortions in their medical history (6/11 = 55% as opposed to 66/202 = 33% in the whole patient group). This group was not different from the other patients with respect to HLA sharing, age, or the formation of antibodies after AI. There were no severe adverse reactions associated with AI. However, a transient reddening and swelling with pruritus at the injection sites was reported in 70-80% of patients. These locally confined, nonbacterial inflammatory reactions healed completely within 1-3 weeks. Patients tolerated them well because they had been prepared in their pretreatment interview and the patient information form for the possible occurrence of this side effect as a symptom of a pronounced immunization response. In a few cases, small slightly livid, nonpigmented maculae without scaring were found over 1-2 months. One woman reported the formation of blisters and swelling of both forearms as a local reaction 1-2 weeks after AI. Another patient had fever and flu-like symptoms 2 days after AI.
Treatment Results after AI in Patients with Unsuccessful IVF Treatment
The mean age of the 47 women who received AI after at least two unsuccessful embryo transfers and who later continued to receive embryo transfers was 33.7 years (24-41 years). The success rate (number of live births in the whole patient group) in this small group was 26% (12/47) (table 7) . In 34% (16/47) of the women treated, pregnancies were diagnosed after AI and further IVF treatment, which were successful in 75% of the women (12/16). 25% of pregnancies (4/16) resulted in a spontaneous abortion. Eight out of 12 women (67%) got pregnant on continued IVF treatment within the first year of AI. In 3 patients, conception occurred after 14-18 months, in 1 patient after 29 months. Of the 12 women with successful pregnancy, 7 were HLA antibody-positive and 5 were HLA antibody-negative. Three of the 4 women with spontaneous abortion after AI were HLA antibody-negative; 1 patient had formed HLA antibodies after AI.
Discussion
Reflecting the controversies about causes and immune mechanisms of RA, different and in part conflicting results have been published from different centers since the advent of the clinical application of active AI in the early 1980s. In a very comprehensive meta-analysis including several randomized double blind studies, a positive therapeutic effect of 8-10% was determined after injection of paternal lymphocytes [6] . In contrast, another randomized, multicenter double blind study could not find any therapeutic effects of AI in RA [11] , substantially enhancing the critical evaluation of AI in the present Cochrane meta-analysis [1] . In view of Matsubayashi et al. [14] and Clark et al. [15] , heterogeneity of the patient groups and methods of immunization in that study might have added to the diverging results. Our results of AI in women with RA clearly exceeded previously published success rates of 61.7% [6] : Our overall success rate was 75% when patients with <3 abortions were included and 73% in patients with ≥3 abortions.
Even when compared to results of passive immunotherapy with i.v. application of commercially available immunoglobulins, the number of successful pregnancies is higher in our group with AI [16] [17] [18] [19] . We postulate that our AI had a positive treatment effect on RA, which, to a large degree, can be explained by the inclusion criteria and methods of immunization.
Inclusion Criteria
In our study, patients with pre-existing HLA antibodies were excluded from AI, because, in theory, immunologic causes of abortions are also characterized by the lack of antipaternal cytotoxic HLA antibodies [10, 20] . Accordingly, AI was not effective in women with antipaternal HLA antibodies before therapy as shown in the meta-analysis from 1994 [6] .
Mode of Immunization
Our relatively low immunization dose of 30-50 million leukocytes applied intradermally was sufficient for HLA sensitization and resulted in a cumulative antibody formation rate of a Sensitivity = 56%, specificity = 55%. 30% after the first and 56% after the second AI. This dose (in two applications) is also recommended by Orgad et al. [21] and Kling et al. [22] . In general, the effectiveness of the intradermal route is judged as being superior to the i.v. route [6] . With this strategy, antigen-presenting dendritic cells in the skin can launch a primary T-cell response much more effectively than other antigen-presenting cells. While the skin is interspersed with dendritic cells, they have not matured and occur at a comparatively low number in the blood [23] .
In addition, the antigen density is substantially higher after intradermal (or s.c. or i.m.) application then after i.v. application of the antigen [24] . After HLA immunization, the formation of antibodies is detectable in responders after 2-4 weeks [6, 11] . A second AI increases the chance of HLA sensitization and immune protection from abortion, and should not be applied after 6, but already after 1 month [11] . Shortening the interval between the first and the second immunization also allows to abbreviate the time of therapy in these already psychologically stressed and troubled patients.
In line with other groups [11, 22, 24] , we assume that AI induces immune protection for 1 year at the most and recommend another AI after this time if the HLA antibody test was negative.
Immune Diagnostics
In our study, the detection of HLA antibodies after AI was associated with a successful pregnancy in 89% (71 live births / 80 HLA antibody-positive patients, table 5). A positive HLA antibody test in CDC after AI therefore predicts a successful pregnancy with high probability and is well suited as a predictive test in the clinical praxis. On the contrary, a negative HLA antibody result after the second AI with a predictive value of only 16% for abortion is not feasible for treatment monitoring. Only 11 out of 68 HLA antibody-negative patients had a miscarriage while 57 had a successful pregnancy. It is possible that the sensitivity of the CDC test is too low to use a negative result as a predictive test for a miscarriage. Matsubashi et al. [14] have therefore suggested flow cytometry (flow cytometry crossmatch; FCXM) due to its higher sensitivity and higher predictive value for a successful pregnancy (75.9%) in FCXM-positive patients and for abortion (75.9%) in FCXM-negative patients.
Since the CDC test only detects cytotoxic antipaternal leukocyte antibodies, it is conceivable that patients with a successful pregnancy, who were negatively tested for HLA antibodies, produced antibodies that only bind to the antigens of the father on the test cells without a cytotoxic effect, being therefore only detectable e.g. in flow cytometry or in an ELISA test. A parallel application of CDC test and FCXM or ELISA would be preferable to screen especially for those few women with negative HLA antibody results after two AI that would benefit from another AI as an immune stimulus and need a closer medical follow-up because of the higher risk of abortion.
Another test for the detection of antipaternal leukocyte antibodies is the erythrocyte antibody rosette inhibition (EAI) test [14] which indicates antibody formation against Fc receptors. This very laborious technique was not used in our study because after repeated immunization the results of the EAI test had been, as previously described by Grosse-Wilde and Kuhn [9] , always positive [25] . As discussed before, from our experience the CDC test is absolutely essential as an inclusion criterion for the immunologically caused abortion, to aid in decision making for repeated immunization and as a predictive test for a successful pregnancy with positive HLA antibody result.
Immune Genetics
Analysis of the HLA sharing between couples did not show more agreement in HLA antigens between partners with RA. Therefore, the original hypothesis of a strong HLA compatibility as a cause of RA [26, 27] cannot be corroborated with our data [9, 28, 29] .
Risks of AI Risk of infection:
With our early pretreatment tests, the risk for the transfer of an infectious disease could be minimized. Since the introduction of PCR into the screening for infectious markers of blood donors in 1997, the residual risk for transmission of HIV or HCV and HBV by blood products is <1:20 million and <1:1 million, respectively [30] . In pregnancy, the CMV status of the patient and the donor was also considered, and it was abstained from AI if there was CMV incompatibility due to the CMV risk.
Systemic immune reactions:
Due to the intradermal application of the lymphocytes, a systemic reaction such as those observed in i.v. whole blood or buffy coat transfusions as well as after application of immunoglobulins for passive immunotherapy [1, 31, 32] was not anticipated. Systemic symptoms, i.e. fever and flu-like symptoms, were reported in 1 patient on day 2 after AI. A causative relation to AI in this case was rather unlikely.
Immunization against red cell, leukocyte and platelet antigens:
The volume of red cells contaminating the lymphocyte suspension was so low (0.5-1 µl) that an immunization against red cell antigens was neither expected nor observed. The minimal dose needed for Rh immunizations is 30-100 µl red cells [33] . However, to prevent a theoretically possible risk of immunization, Rh-negative women with Rh-positive partners received an anti-D prophylaxis. The HLA antibodies that were found in 56% of patients after 1 or 2 AI treatments were usually not detectable with CDC after 1 year, but could be boosted by transfusions or pregnancies. Immunotherapy with Paternal Lymphocytes for Recurrent Miscarriages and Unsuccessful IVF Treatment pregnant women form cytotoxic antibodies against lymphocytes of the child's father. These do not impose a higher transplantation risk as compared to normal pregnancies [9] . Antibodies against platelet-specific antigens were not expected due to the low contamination of the washed lymphocyte suspension. TA GvHR: TA GvHR can be induced in very rare instances in patients without immunosuppression in HLA haplotype-identical transfusions (frequency <1:1 million transfusions [34] ).
As mentioned before, we tested the HLA patterns of the couples before therapy for a possible HLA sharing in HLA homozygote donors, and, in positive cases, conducted the AI with lymphocytes irradiated with 30 Gy. This constellation occurred only twice in our patients so far.
Local reactions: After about 500 immunizations in more than 300 women we have not observed adverse reactions, except for the typical transient nonbacterial, localized swelling and pruritus at the injection sites as a sign for an increased immunization response in 70-80% of patients and one reaction involving blisters and swelling of both forearms that normalized after 1-3 weeks.
Timeline and Financial Expenditure of AI
After exclusion of anatomical, infectious, hormonal, genetic and autoimmune causes, patients and their spouses were referred for pre-treatment tests to the center for immunotherapy of RA at the DRK-Blutspendeinstitut Rostock. After test results had been obtained and reviewed later and the HLA antibody test was negative, the AI was conducted 2-3 days after the first tests. One month later or, if a second immunization was necessary, 2 months later the AI was completed by post-treatment tests, and immunization was sufficient for 1 year. The costs for tests, HLA antibody screening and AI amounted to about 1,500 to 2,000.-EUR, thus being clearly lower then those of passive immunotherapy with immunoglobulins.
The Placebo Controversy in AI
Since mechanisms of action are not perfectly understood for AI, placebo effects cannot be ruled out. Intense medical attention (TLC = 'tender loving care') and close monitoring of the patients are frequently discussed, but difficult to quantify. In studies of Stray-Pedersen and Stray-Pedersen [35] and Clifford et al. [36] , a 'care' factor of about 25-50% could be determined. The evaluation of the effectiveness of AI is complicated by the fact that women might be included for therapy with other than immunological causes that remain unidentified. Besides, causes for RA are manifold: mental instability, acute social crisis, infectious and environmental factors, etc. With the aforementioned list we intend to show that even with -from our view ethically ambivalent -blinded randomized validated studies of AI, results such as in pharmaceutical therapeutic trials are not possible.
From our data, the success rate of active AI is significantly above the statistical chance that women with RA without treatment will have a baby [14, 15, 21, 37, 38] .
AI after Unsuccessful IVF Treatment
In the small patient group (n = 47) that came to us after unsuccessful IVF treatment, the success rate (26%, 12/47 live births in the whole patient group) as expected was far below that of patients with RA. However, after AI and further embryo transfer the pregnancy rate of 34% (16/47) in these women is higher than the average pregnancy rate after assisted reproduction of the German IVF register (25.3%). With 75% (12/16), the rate of successful pregnancies in our study exceeded that given in the IVF register (63.3%), while the abortion rate was slightly higher in our patients (25 versus 21.36%). These data hint to a benefit of AI in IVF patients as also noted by the Kling group [22] . The 52% HLA antibody formation rate was in line with that of women with RA. A correlation to the course of the pregnancy was not possible due to the small number of patients. Further analysis of larger patient cohorts with consideration of the number of embryo transfers and the time course are planned to better evaluate the effect of AI after unsuccessful IVF treatment.
Conclusions
Intradermal immunotherapy with 30-100 million lymphocytes in 1 to 2 applications has proven to be effective, associated with a low risk, and cost effective for the treatment of RA. The cooperation between the referring gynecological centers and the center for immunotherapy at the Blutspendeinstitut where the lymphocyte suspensions are manufactured and applied proved practicable. Aside from the controversy about the immune mechanisms and effectiveness of AI and a possible psychological interaction with patients (TLC), with 87% successful pregnancies in the overall group and 86% in the patients with ≥3 abortions, the positive therapeutic effect of AI in RA is undisputable. More data are needed to evidence if, as indicated by our small patient group, AI and subsequent embryo transfer also resulted in a higher rate of live births after unsuccessful IVF treatment.
A positive HLA antibody test after AI in RA predicts a successful pregnancy with a probability of 89% making this test suitable as a predictive test. Compared to passive immunotherapy with i.v. immunoglobulins, our therapy protocol with its low immunization dose and frequency and its few side effects has proven to be better tolerated by the patients and to be more cost effective. As long as no therapeutic alternatives are available, patients with RA should be offered AI with donor lymphocytes of the partner.
